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Search tor magnetism in hecp €-Fed)

G. Cort, R. D. Taylor and J.\b. Wilils

Los Alamos National Laboratory, los Alamos, NM 87545
ABSTRACT

We report the results of cur recent experimental investigation
which extends the search for magnetic ordering in the high=pressure,
hep phase of iron (g-phase) to a temperaturce of 0.030 K. Missbauer
effect measurements were pertormed in the pressure range from atmo-
spheric pruessure to 21.5 GPa on a foil of natural iron (doped with

=37¢v). Measurements were made of the properties oi both the a-
and £ -phase constituents of the sample. No measurablae magnetic

hypertine field was observed in the €-phase from any of the spectra
at pressures as high as 21.5 GPa and temperatures as low as 0.030 K.

FaAUCS numbers: 75.50.Bb, 76.80.+y

For more than twenty-tive years, it has bheen
known that iron undergoes a transition lrom the
tamiliar u=-phase (bcce) to the high=pressure
t-phase (hep). Since the discovery ot this
transtormation by Bancrott ct al.(1) the effects of
pressure on many propertivs ol u- and €-Fe have
been studied extensively(2-4).

One of the most striking teatnres ot e-Fe i
1ts nonmagnetic behavior. Missbauer ettect
experinents(5) have shown that, at room temperature,
t-Fe exatbits no hypertine magnetic ticeld at any
pressure up Lo 24 ¢Pa. Subsequent Massbauor eltect
(ME) and neutron dittraction studies on related
alloy systems(6,7) have been extrapolated to prodict
antiterromapnetic ordering in hep-Fe at sutficiently
low temperatures; however, band structure calcula-
tions by Fletcher and Addis(8) predict that v -Fe
shoudd not order.

Several attempts 1 ove already been made to
de tect magnetic orderin, in ¢-Fe at reduced
temperatures, all ol which obtained nepative
results. These include the ME scudiva ol Wil liamson
et al (9) and Konmig et al.(10), Previous to this
work  the lowest temperature at which o -Fe has
been investigated was 2.2 K (10),

We report here preliminary results of our
experimental iovestigation nsinp the Missbauer

etlect of 2TFe ay a menetice hypeviine tield
microprobe ot the o -phase ot iron. The primary



motivation for this work has been to extend the
search for magnetic ordering in €-Fe to
temperatures significantly lower thdn have been
investigated previously, indeed, into the
millikelvin range.

The M&ssbauer effect of 27Fe is a
particularly powerful tool for investigating the
magnetic properties of e-Fe. In addition to
providing direct measurements of any spontaneous
hyperfine field in the sample on a microscopic
scale, ME spectra can be analyzed to determine Lhe
relative abundance of a- and €-phases in the
sample.

The use of the Mdssbauer effect also
ameliorates several experimental difficulties
associated with the high-pressure eanvironment. ME
sources can be made srall enough to fit into the
very limited space available inside the diamond-
anvil pressure cell. 1In addition, electrical
measurements, which are difficult to perform, are
not necessary.

Our experiments were pertormed on a 0.025-
mm-thick toil of 99.99% purc natural iron (obtained
from Materials Rescarch Corporation) doped wilh

approximately 0.4 mCi of carrier-free 3700. the 27Fe
parent. The Co was electroplated onto both surfaces

- . . 2
ot the foil over an arca ofl approximately 0.039 mm<
and dittused into the host by heating at 960U for
48 hours in an Ar-H, atmosphere. The final sample

disk, punched from the doped toil, had an area of

about 0.02% mm? and a source activity of about 0.1 mCi.

Fluorescence analysis showed that no impurities (> 1%)

were introduced during the doping-ditfusion operations.
The sample was pressurized in a Merrill-Hassett

diamond-anvil ccell. A 4:1 methanol:cthanol mixture

wirs employed as the pressure-transmitting medium.

Accurate determinations of the pressure in the cell

were made using standard ruby tluorescence

techniques.  Measurements were pertormed te

determine the waveleapth of the RI shectropraphic

Line (dP/dA = 2.74 GPa/am) on several ruby chips
located in the high-pressure eaviromaent . For each
pressurization no signilicant pressure variations
were noted whenever more than one chip was used.
This method allowed pressure measurements accurate
to approximately ¢ 0.3 GPa.

ME measurements were performed in zero applicd
magnetic tield using a constant-aceeleration ME



spectrometer with a room-temperature, single-line,
potassium ferrocyanide absorber. The pressure cell

. . LI . A
containing the source was cooled by 1nsertion into a
I
*le cryostat or by attachment t. the mixing

chamber of a JlHe-“He dilution refrigerator.

During tlie course of investigation, ME
spectra from the sample were obtained for the
pressure range from atmospheric fo 21.5 GPa at
selected temperatures from 200 to 0.030 K. During
the initial stages of this study the ME spectra of
pure a-phase Fe were obtained as a function of
pressur¢. The hyperfine splitcting, isomer shift,
Aand linewidth associated with each spe~trum were
determined by least-squares fits to the data. Alter
the transformation to the €-phase had begun,
similar parameters were obtained for the £-phasc.
Within the rangc of pressures tor which the two
phases couxist in the sanple, the aforementioned
parameters werce determined for each phase., From
such measurements, the fractional abundance of
C-phase material in the sample was determined.

The hypertine splitting of the ME spectra of
a-Fe has been observed by various authors(ll-14)
to decrvase linearly as a function of pressure. We
also observe a linear decrease in the internal
magnetic field of a-Fe with increasing pressure;
however, we tind a slope

dun H/0P = (=3.15 + 0.09) x 1073 ¢ra~l,
signiticantly higher than has been tound previously.
The oripgin ol this difforence i1s stiil under
investipgation.

Our results for the pressure dependence (at
300 K) ot the isomer shilt tor a=-Fe are in reasonable
agreement with previously published values(9,11,12,15).
Our measurcment s also show a linear change ol the
isomer shilt as a tunction of pressure; the slope is
(=6.% + 0.5) x 10 ! mm s Gla l to be compared
with published values ranging from -7.4 x l()—l to
8.3 x 10"V um 87! graTl. Ve also okserve a
amall linear decrease of the room-temperature
Linewidth of a-Fe ws a lunction ot pressure. The

, . ._l
Iinewidth observed wan (0.48 f_(n()l) mm A at

atmosphervic pressurs and (040 4 0.02) mm a7 oat
FA.0 GPae ‘That there was no broadeaing with pressure
contirme the contention that the sample was vnder
nearly hydrostatic conditions,

Fvideacs tor Dhe preseonce of c-phase in the Fe
sample was obaerved Farst at oa pressure ot 11.9 GPa.
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The pressure d<pendence of the transformation from
a- to €-phase is given in Fig. 1. The

transition width (10% to 90%Z)-was observed to be
approximately 5 GPa. At 21.0 GPa, the highest
pressure employed at room temperature, the sample
contaiuned (2.1 + 1.4)% a-Fe.

Fip. . Kelative abundoance ot ¢ =Fe (at 300 K) 1in

"\,\ natural dron as a fuuction ol pressure.

N lu the w-phase, the isomer shilt and the liae
Sidth ot che hep-component of each spectrum showed
n appreciable pressure dependence. The room=
tesperature v =component binewidth also remained

|y
cons ant at a value of (0041 + 0.01) mm s~V at all
press res altove 12 GPa. The observed C=component
Linewt 'ths are pgiven in Table 1.

B



TABLE I. Pressure- and temperature-dependence
of the e-component linewidth

Pressure {GPA) Temperature (K) Linewidth (mm/s)

14.4 300 0.41 + 0.01
16.0 300 0.41 * 0.0l
17.8 300 0 41 + 0.01
20.5 300 0.41 *+ 0.01
16.5 75 0.44 + 0.0l
21.5 75 0.44 * 0.03
16.5 4 0.44 + 0.0l
16.5 1 0.43 ¥ C.01
. 19.1 0.035 0.43 % 0.01
19.1 0.030 0.43 ¥ 0.0l

At all pressures above 12 GPa, aund for
temperatures below 100 K, the €-component
linewidth is well cha.acterized by the value

(0.435 *+ 0.01) mm 3'1; the additional lincwidth
is the resulr of ME seli-absorption by the 2.24

natural abundance of ?7Fe in the source. This
linewidth shows no further temperature dependence to
tempceratures as low as 0.030 K. We interpret this
lack of measurable magnetic hyperfine splitting in
the €-Fe ME spectra as cevidence that the €-Fe at
19.1 GPa dovs not magnetically order above 0.030 K.
An internal magnetic 1icld greater than 0.05 T,
arising trom either ferromagnetic or antilerro-
magnetic ordering, could b detected by rhis method.
In conclusion, we have observed that €-Fe at
21.5 GPa shows no observable magnetic hypertine
tield at any temperaturc down to 0.030 K. ‘This
resull supports the band theory prediction that
¢~Fe does not wmagnetically order.  ME measurements
at low temperatures in applied tields up to 4 T are
underway in an effort to set an upper limit on the
magnetic moment ol g ~Fe.
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